Separation of Isobaric Mono- and Dimethylated RGG-Repeat Peptides by Differential Ion Mobility-Mass Spectrometry.
Methylation of arginine residues in proteins, an enzyme-mediated post-translational modification (PTM), is important for mRNA processing and transport and for the regulation of many protein-protein interactions. However, proteolytic peptides resulting from alternative sites of post-translational methylation have identical masses and cannot be readily separated by standard liquid chromatography-mass spectrometry. Unlike acetylation or phosphorylation, methylation of arginine does not strongly affect the charge states of peptide ions, multiple instances of methylation can occur on a single amino acid residue, and the relative mass of the modification is <1% that of the typical proteolytic peptide. High field asymmetric waveform ion mobility spectrometry (FAIMS) is an orthogonal separation method to liquid chromatography that can rapidly separate gaseous ions prior to detection by mass spectrometry. Here, we report that FAIMS can be used to separate arginine-methylated peptides that differ by the position of a single methyl group for both mono- and dimethylated variants. Although the resolution of separation for these arginine-methylated peptides improved with increasing amounts of helium in the FAIMS carrier gas as expected, we found that the site of methylation can strongly affect the dependence of the electric field used for ion transmission on the extent of helium in the carrier gas. Thus, certain isobaric peptides can be cotransmitted at high helium concentrations whereas lower concentrations can be used for successful separations of such peptide mixtures. The capability to rapidly resolve isobaric arginine-methylated peptides should be useful in the future for the detailed analysis of protein arginine methylation in biological samples.